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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the element 
resistance and the operation voltage of a semiconductor 
laser in the blue violet wavelength region. 

SOLUTION: A semiconductor laser element is constituted 
of optical waveguide layers 3, 7, 13, light separation and 
confinement layers 4, 6, an active layer 5 and a contact 
layer 8. The layers 7. 13, 13 which are P-type crystal 
layers are made a superlattlce heterostructure wherein all 
of the In composition are modulated, and P-type impurities 
are subjected to modulation doping by synchronizing the 
modulated structure of the In composition. Since the 
positive hole carrier concentration of a P-type optical 
waveguide layer can be activated nearly one figure higher 
than the conventional case, resistivity of the P-type optical 
waveguide layer can be reduced, and contact resistance 
between a P-type contact layer and a P-side electrode can 
be also improved. Therefore, the element resistance is 
reduced to be 1/5-1/10 of the conventional case, and the 
element operation voltage when the injection current is 
20mA can be reduced to be 3.1 -3.3V as compared with 
3.6V in the conventional case. 
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[Claiin(s)] 

[Claim 1] The above-mentioned optical waveguide field is the 
semiconductor-laser element characterized by to have the superstructure 
field formed by carrying out the laminating of two kinds of semiconductor 
layers from which In composition differs by turns, and to introduce p type 
impurity only into the semiconductor layer with large In composition in the 
above-mentioned superlattice field including the optical waveguide field 
which is joined by the active region which has a barrier layer, and this 
barrier-layer field, and consists of a semiconductor with larger forbidden- 
band width of face than this barrier layer. 

[Claim 2] The optical waveguide field which is joined by the active region 
which has a barrier layer, and this barrier-layer field, and consists of a 
semiconductor with larger forbidden-band width of face than this barrier 
layer, The contact field in which it is joined by this optical waveguide field, 
and the current-supply-source means to this active region is prepared is 
included. The above-mentioned optical waveguide field and the above- 
mentioned contact field are a semiconductor laser element characterized by 
having the superstructure field formed by carrying out the laminating of two 
kinds of semiconductor layers from which In composition differs by turns, 
and introducing p type impurity only into the semiconductor layer with large 
In composition in the above-mentioned superlattice field. 
[Claim 3] Two kinds of semiconductor layers which constitute the above- 
mentioned superstructure field are semiconductor laser elements according 
to claim 1 or 2 characterized by the composition element except In being the 
same. 

[Claim 4] The semiconductor layer into which p type impurity is not 

introduced among two kinds of semiconductor layers which constitute the 

above-mentioned superstructure field in the above-mentioned optical 

waveguide field is a semiconductor laser element according to claim 1 to 3 

characterized by not including In as a composition element. 

[Claim 5] The above-mentioned barrier layer is a semiconductor laser 

element according to claim 1 to 4 characterized by the bird clapper from the 

III-V group compound semiconductor which contains nitrogen as a 

composition element. 

[Detailed Description of the Invention] 
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[0001] 

[The technical field to which invention belongs] this invention is 
[0002] about the semiconductor laser element suitable for an optical 
information terminal or the optical apphcation measurement light source. . 
[Description of the Prior Art] About the Hght emitting device of a blue field, 
the element structure which constitutes blue hght emitting diode is 
described in an apphed physics letter magazine and 1994 in 64 volumes and 
1687 - 1689 pages (Appl.Phys.Lett., 64, 1687-1689(1994).), and the example 
of production of the lightguide using GalnN/GaN/AlGaN material or a 
luminescence barrier layer is shown until now. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the conventional 
technology which the above-mentioned paper magazine indicates has 
described the luminescence barrier layer and the whole lightguide 
composition in the blue hght emitting diode which used nitride system 
material, in this kind of element, the level of p type carrier concentration of a 
lightguide is still low, and neither element resistance nor operating voltage is 
improved enough. Moreover, about the technique of raising p type carrier 
concentration, a detail is not explained and reference is not made to the 
content about the structure of reducing the element resistance and operating 
voltage in semiconductor laser with stripe geometry further. For example, in 
the compound semiconductor laser which consists of a III-V group element, p 
type Hghtguide and p type contact layer are prepared between a barrier layer 
and p lateral electrode. These layers inject II group element (for example, 
Mg) into the compound semiconductor layer of a III-V group element as a 
dopant, and are formed. The dopant of II group element replaces and goes 
into an III group element to the site to which an III group element exists in 
the crystal of a compound semiconductor. Since there are few a peripheral 
electrons compared with an III group element, if II group element with few 
one peripheral electron goes into this site, it will serve as a cation, namely, 
wiQ offer an electron hole. This electron hole serves as a carrier in a p tj^e 
semiconductor, and the amoxmt determines the element resistance and 
operating voltage in a semiconductor laser element. By the way, begin 
above-mentioned blue Hght emitting diode, and it sets to light emitting 
devices, such as a semiconductor laser element. The dopant ion 
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concentration in above-mentioned p type lightguide in obtaining the element 
resistance and operating voltage which are sufficient for practical use 
Although it is requested that (namely, 11 group element concentration which 
went into the site of an III group element and was ionized) should be csirried 
out more than 5xl018cm'-'3-lxl019cm~3 or this about 5xl017cm~3- 
lxl018cm~3 or more than this, and p type contact layer This concentration 
was actually saturated with 5xl016cm~3-lxl017cm'-'3 to the injection rate of 
a dopant in the GaN layer, therefore carrier concentration of p type 
lightguide or p type contact layer was not able to be raised enough, 
[0004] Especially, with III-V group nitride system compound semiconductor 
material, the main purposes of this invention realize resistivity reduction of 
difficult p type hght guide, and attain the reduction in resistance of a laser 
element and the reduction in operating voltage which consist of the 
compound semiconductor concerned. Moreover, the refractive index of p type 
lightguide is raised desirably, the large waveguide structure of an optical 
locked-in effect is formed near the barrier layer of a semiconductor laser 
element, and luminous efficiency is raised, attaining these purposes - 
especially, laser operation (laser beam osdllation) of the purple-blue color 
wavelength field in the device which consists of nitride system compound 
semiconductor material -- a low threshold — and it can reahze by low 
resistance low operating voltage, and reliability is raised over a long period 
of time 
[0005] 

[Means for Solving the Problem] In order to improve especially the level of 
the carrier concentration in the p type semiconductor layer whose bulk 
growth of a mtride system semiconductor was inadequate in attaining the 
above-mentioned purpose in production of the semiconductor laser which 
consists of a compound semiconductor first in this invention The crystal 
layer (semiconductor layer) which introduced suitable In element for 
activation of p type carrier is prepared as a hghtguide which is joined to a 
barrier layer or is prepared in this through other semiconductor layers 
(barrier layer etc.). The superlattice hetero structure which modulated In 
composition by atomic-layer order in this crystal layer, and was synchronized 
with this, and carried out the modulation dope of the p type impurity is 
formed. Namely, the optical waveguide field which is joined by the active 
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region which has a barrier layer, and the barrier-layer field concerned in this 
invention, and consists of a semiconductor with larger forbidden-band width 
of face than this barrier layer is included- It has the superstructure field 
formed by an optical wavegtdde field carrying out the laminating of two 
kinds of semiconductor layers from which In composition differs by turns, 
and the semiconductor laser element equipped with p type impurity being 
introduced only iato the semiconductor layer with large In composition in the 
superlattice field as fundamental reqviirements for composition is produced. 
Moreover, you may form the superstructure field where the laminating of 
two kinds of semiconductor layers fi'om which In composition differs was 
carried out to this contact field by turns, and it was formed in it including the 
contact field where it is further joined to this fundamental requirement for 
composition by the optical waveguide field, and the current-supply-source 
means to an active region is prepared in it, and p type impurity was 
introduced only into the semiconductor layer with large In composition of 
them. This semiconductor laser element is formed as what has the so-called 
double junction structure which usually sandwiched the small luminescence 
barrier layer of the forbidden-band width of face prepared in the 
semiconductor substrate upper part of a single crystal by the lightguide with 
big forbidden-band width of face, p type carrier concentration of the high 
layer of In composition ratio in an above-mentioned superlattice field is the 
range of three or less 1019-/cm, and it is desirable to set up so that it may be 
activated on level with the electron hole carrier concentration higher than 
the case where p type impurity is doped uniformly in the Hghtguide 
concerned. In any case, you may form the direction where it is good also as 
the same (for example, GaPN and GalnPN), and p type impurity is not 
introduced among these semiconductor layers in the composition element 
excluding [ two kinds of semiconductor layers which constitute these 
superstructure fields ] In so that In may not be included as a composition 
element. Furthermore, a barrier layer may be constituted from a III-V group 
compound semiconductor which contains nitrogen as a composition element, 
and may form the so-called mxiltiplex quantum well structure where such a 
two or more layers barrier layer was prepared in the above-mentioned active 
region. 

[0006] If the outline of the semiconductor laser element composition of this 
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invention stated above is put in another way by the example, in the 
semiconductor laser element which consists of the conventional III-V group 
compound semiconductor, the place transposed to the superstructure which 
an AlGaN lightguide becomes from an AlGaN/AlGalnN layer at the 
superstructure which a GaN Hghtguide becomes from a GaN/GaInN layer, 
respectively will serve as the 1st feature. Moreover, it considers as the 
superlattice hetero structure which carried out the laminating of a GaInN 
layer with small In composition of p type contact layer in contact with p 
lateral electrode, and the GaInN layer with big In composition by turns, and 
the place which introduces p tj^e impurity into a GaInN layer with big In 
composition serves as the 2nd feature. That is, the Hghtguide by which a 
laminating is carried out to the method of p lateral electrode of a 
semiconductor laser element in this invention 0 Or two kinds of 
semiconductor layers from which In composition differs in formation of a dad 
layer and a contact layer (one side) Prepare the superstructure field which 
consists of In not being included, it is made to s3nichronize with thin film 
growth of the atomic-layer order of the semiconductor layer (layer into which 
In was introduced to the layer which does not contain In) which enlarged In 
composition of this field, and the technique of carrying out the modulation 
dope of the p type impurity is used for this. It introduces into p type impurity 
by the molec\dar beam epitaxy (MBE) method or the organic-metal vapor- 
growth (MOVPE) method, using Mg or Zn as a simple substance or a raw 
material of an organometallic compound. When it constitutes a Hghtguide 
from a GaN layer or an AlGaN layer, and a compound semiconductor layer 
that introduced In into this, it is good to perform p tj^e impurity dope so that 
average p type carrier concentration in p type Hghtgviide whole region may 
go into the range of 5x1017 to 5xl018-/cm3. Moreover, it is good to perform p 
type impurity dope in p type contact layer which consists of two kinds of 
GaInN layers from which In composition differs so that average p type 
carrier concentration in the contact layer whole region concerned may go into 
the range of 5x1018 to 2xl019-/cm3. Desirably, aU of the Hghtguide and 
contact layer of the method of p lateral electrode are formed by the 
superstructure by this technique. In this invention, without changing the 
substantial forbidden-band width of face of a Hghtguide a lot, a high- 
concentration electron hole carrier is obtained £md increase of the refractive 
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index accompanying introduction of In composition can be utilized for eye 
******** in a luminescence barrier layer. By these, it operates by the low 
threshold current and the element which reduced element resistance and 
operating voltage is realized. 

[0007] Furthermore, it is good to constitute so that a compressive strain or 
an optically-biaxial lattice strain may join p type hghtguide by introduction 
of the oak which specifies the desirable additional requirements for 
composition for the laser element of this invention, and In composition in the 
1st, and to hold down each thickness of the In introduction layer concerned 
to under critical thickness in p type Hghtguide whole region. The 
semiconductor substrate of the single crystal used as the base for 
constituting a laser element in the 2nd is desirable to formation of the laser 
element which becomes being the sihcon carbide (alpha-SiC) which has the 
sapphire (alpha-aluminum 203) substrate which has the Cth (0001) page 
with the Wurtzite structure of hexagonal system, or (0001) the Cth page from 
a nitride system compound semiconductor especially. In this case, in case 
optical-waveguide structure is established on a hexagonal system Wurtzite 
structure substrate, it is good to be parallel to the Ath (11-20) page of a 
substrate, or to set up the direction which forms a waveguide in the direction 
which becomes perpendicular. Moreover, you may constitute an optical 
waveguide in the embedding type (BH) stripe geometry which estabhshes a 
real refractive-index difference to the longitudinal direction of a 
luminescence barrier layer as stripe geometry with the rectangle -like cross- 
section configuration and by which the basic transverse mode is guided 
stably. As for the crystal layer which constitutes rectangle -like optical- 
waveguide structure, it is good to form BH stripe geometry with an insulator 
layer mask and selective- growth technology, the deformation amount child 
well layer which introduced the lattice strain constituted the luminescence 
barrier layer to extend [ as the 3rd, even if it constitutes the luminescence 
barrier layer in the active region of semiconductor laser from a single 
quantum well layer, it is good also as multiplex quantum weU structure 
which consists of two or more quantum weUs, and ] the flexibility of the 
material selection of a luminescence barrier layer and the barrier layer 
which confines an electron or an electron hole (carrier) ia this it is good 
also as single or multiplex deformation amount child well structure 
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[0008] The basis of an operation characteristic of above-mentioned element 
composition is explained below. 

[0009] In order to activate a high level conventionally and to set up the 
electron hole carrier concentration of p type Hghtguide, the technique of 
synchronizing with the modulated structure of the above-mentioned In 
composition, and introducing p type impurity is applied. In element acts in 
the direction which makes small forbidden-band width of face of the 
semiconductor to every semiconductor material. Since forbidden-band width 
of face is made small and the interval of a valence band and impurity level is 
especially narrowed relatively also to a nitride semiconductor material, 
carrier activation of p type impurity will be promoted. For example, since the 
same p type impure amount of resources can also improve the rate of 
activation by considering as a GaInN crystal layer to a GaN crystal layer, 
high electron hole carrier concentration can be set up. Therefore, according 
to this invention, in the hghtguide of a semiconductor laser element, the 
electron hole carrier concentration to 1019-/cm3 can be set up arbitrarily. 
[00 10] Explanation of model invention is further continued using a reductio 
ad absurdum. For example, if In composition is introduced into the 
light guide, this forbidden-band width of face will become small, and when 
the forbidden-band width of face of a luminescence barrier layer is 
approached, waveguide hght will receive absorption. By this invention, 
absorption by the Hghtguide of the hght which emitted hght from the barrier 
layer and which should guide waves is prevented to this problem as 
superlattLce hetero structure where In composition was modidated by 
atomic-layer order. That is, in p type Hghtguide, it is made to synchronize 
with modulating In composition by atomic-layer order, and p tj^e impurity is 
introduced, and in order not to decrease forbidden-band width of face greatly, 
it is considering as superlattice hetero structure. IncidentaUy with the 
semiconductor layer of atomic-layer order, it is specifically specified as a 
number atomic-layer thick part and the thing which has the thickness 
around 10 A on the basis of the size of 5.166A of one atom which constitutes 
this (diameter) (since the laminating of the atom is carried out to the shape 
of a hound's- tooth check). Moreover, although p type contact layer in contact 
with p lateral electrode is made into the superstructure which consists of two 
sorts of p type GaInN layers from which In composition ratio differs, by 
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modiilating In composition still more greatly, introducing a compressive 
strain into this (enlarging the diJQference of In composition ratio of a high In 
concentration layer and a low In concentration layer) superstructure, and 
bending the band structure of a valence band, electron hole carrier 
concentration is activated more and high conductivity is attained. It has 
been small improved by the contact resistance of p lateral electrode by this 
invention, andp type contact layer even in one to 5xl0~6-ohmcm2. 
[0011] Moreover, since the electron hole carrier concentration of p type 
light gviide becomes high by this invention, the pseudo-Fermi level is set up 
more highly and the energy barrier of p type Hghtguide to a luminescence 
barrier layer can be set up greatly. For this reason, siace the overflow carrier 
(electron which goes into p type lightguide from a barrier layer, without 
contributing to luminescence) from a barrier layer was suppressed, it was 
possible to have improved eye carrier ****** in a barrier layer. To the 
element property, the effect of low threshold operation or the operational 
stability under an elevated temperature was also seen. 

[0012] Establishing the superlattice hetero structure which modulated In 
composition near the barrier layer leads to the ability of the ******** 
coefficient in a barrier layer to be designed greatly compared with the 
lightguide which does not introduce In composition. This is because the 
refractive index of the crystal layer which introduced In composition can be 
enlarged, and the size of In composition and the thing which introduced and 
for which eye ******** of a barrier layer is designed and adjusted by the 
thickness of a thin film layer or the total thickness of a superstructure are 
repeatedly possible for it. By carr3dng out optimal design of this ******** 
coefficient, low threshold efficient operation and elevated-temperature 
operation can be obtained, and the aspect ratio of a far field pattern can be 
adjusted. 

[0013] It was possible to have reduced the operating voltage at the time of 
the reduction in resistance and laser oscillation of an element by the above. 
Moreover, the low threshold of an element and efficient operation were 
attained by applying the refractive-index waveguide stripe geometry which 
can attain stabilization of the basic transverse mode. 
[0014] 

[Embodiments of the Invention] Hereafter, the form of operation of this 
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invention described in an example 1 or 5, and these related drawings 
explains this invention in detail. 

[0015] One example of a <example 1> this invention is explained to be 
drawing 1 (a) by (b). On the sapphire (alpha-aluminum 203) substrate 1 
which has the Cth (0001) page of drawing 1 (a) first After heat-treating a 
substrate in 1200 degrees C from the temperature of 1000 degrees C, 
supplying ammonia NH3 by the organic-metal vapor growth, In the 
temperature of 450-550 degrees C, grow up and the GaN buffer layer 2 is set 
in temperature of 1000-1100 degrees C. The n type GaN hghtguide 3, the n 
tj^e AlGaN hghtguide 4, An undoping GaN quantum barrier layer And the 
compressive-strain multiplex quantum well barrier layer 5 which consists of 
an undoping GaInN quantum well layer, the p type AlGaN/AlGaInN 
superlattice hetero structure Hghtguide 6, the p type GaN/GaInN 
superlattice hetero structure hghtguide 7, and the p type GalnN/GaInN 
superlattice hetero structure contact layer 8 It prepares. Under the present 
circumstances, p type Hghtguide 6, p type Hghtguide 7, and p type contact 
layer 8 were made into the superlattice hetero structure where In 
composition was modulated altogether, as typicaUy shown in drawing 1 (b), 
they formed the Hghtguide and the contact layer by the repeat of the 
superlattice thin film layer of atomic-layer order, and Mg of p type impurity 
is synchronized with the modulated structure of In composition, and they 
have introduced it. Therefore, Mg is doped by the AlGaInN layer of a 
Hghtguide 6, the GaInN layer of a Hghtguide 7, and the GaInN layer 
(direction of In composition size) of the contact layer 8, and nothing is doped 
by the AlGaN layer of a Hghtguide 6, the GaN layer of a Hghtguide 7, and the 
GaInN layer (direction of In composition smallness) of the contact layer 8. In 
the form of an organometalHc compound, p type impurity Mg is the range of 
5x1017 to 2xl018-/cm3, and was introduced into p type contact layer 8 at p 
type Hghtguide 6 and p type Hghtguide 7, respectively in the range of 5x1018 
to 2xl019-/cm3. Next, by photo hthography and etching processing, as shown 
in drawing 1 (a), a part of crystal layer is removed until it results in a layer 3. 
Then, an insulator layer 9 is formed and the direction of a window region 
stripe is formed in the direction parallel to the Ath page in this 20alpha- 
aluminum 3 substrate 1 (11-20). Moreover, the vacuum evaporationo of the 
pattern of the p lateral electrode 10 and the n lateral electrode 11 is carried 
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out with lithography. Finally, the element cross section shown in drawing 1 
(a) is obtained by carrying out the cleavage of the substrate in the 
perpendicular direction to an optical- waveguide stripe. 

[0016] According to this example, since the electron hole carrier 
concentration of p type GaN and an AlGaN hghtguide was more highly 
[ than before / about 1 figure ] activable, the resistivity of p type hghtgviide 
has been reduced. Furthermore, the contact resistance of p type contact layer 
and p lateral electrode can also be small improved even in one to 5x10-6- 
ohmcm2. Thereby, element resistance of this example could be reduced from 
1/5 of the conventional element to 1/10 (it is dependent on In composition 
ratio of each class), and has reduced o'clock of 20mA element operating 
voltage of inrush currents even to 3.1-3.3V to conventional 3.6V further. 
Moreover, since electron hole carrier concentration can be made high by this 
invention, the pseudo-Fermi level of p type hghtguide can be made higher. 
Thereby, the energy barrier of p type hghtguide to a luminescence barrier 
layer was able to be enlarged. As for this, it was possible to have suppressed 
the overflow carrier from a barrier layer, and for the carrier in a barrier layer 
to have closed, and to have made eye ** improve. Furthermore, since In is 
contained in p type Hghtguide, the refiractive index becomes high and 
enlarges the ******** coefficient near the luminescence barrier layer. This 
element structure had gain waveguide type stripe geometry, and in a room 
temperature, laser operation is possible for it, and it obtained the element 
which cairries out laser oscillation in the range which is 410-430nm of a 
purple-blue color wavelength region. 

[0017] DrawLQg 2 explains other examples of a <example 2> this invention. 
After forming in a p type GaN/GaInN superlattice to the terrorism 
assembhng-die hghtguide 7, the insulator layer mask extended in the shape 
of a stripe in the upper surface center section of the hghtguide 7 by photo 
hthography is formed, further, although an element is produced Hke an 
example 1, a Hghtguide 7 is removed and a ridge stripe is formed by etching 
using this insulator layer mask, until the upper surface of the p type 
AlGaN/AlGaInN superlattice heterojunction type hghtguide 6 is exposed. 
Next, the selective growth of the n type GaN current constriction layer 12 is 
carried out using an insulator layer mask. After removing an insulator layer 
mask, the p type GaN/GaInN superlattice hetero structure embedding layer 
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13 and the p type GalnN/GaInN superlattice hetero structure contact layer 8 
are formed. Next, by photo lithography and etching processing, as shown in 
drawing 2 , the both sides of ridge stripe geometry are removed until it 
results in a layer 3. Then, an element is produced completely like an example 
1. 

[0018] Since it was made to the refractive-index waveguide structure where 
the current constriction layer 12 was formed according to this example, the 
element of a low threshold was obtained rather than the example 1. The 
threshold current has been reduced even from 1/3 to 1/5 compared with the 
example 1. The range of a purple-blue color wavelength region of osdllation 
wavelength was 410-430nm. 

[0019] Drawing 3 explains other examples of a <example 3> this invention. 
First, it prepares to the n type GaN Hghtguide 3 like an example 1 or 2. Next, 
the insulator layer mask 14 for selective growths of two articles extended in 
the shape of a stripe is formed in the lightguide 3 upper surface by photo 
lithography and etching. Then, the selective growth of the compressive- 
strain multiplex quantum well barrier layer 5 which becomes a start from 
the n tj^e AlGaN hghtguide 4, an imdoping GaN quantum barrier layer, and 
an imdoping GaInN quantum weU layer about the re growth of the n type 
GaN lightguide 3, the p type AlGaN/AlGalnN superlattice hetero structure 
lightguide 6, the p type GaN/GaInN superlattice hetero structure lightguide 
7, and the p type GalnN/GaInN superlattice hetero structure contact layer 8 
is carried out by the organic-metal vapor growth. That is, at the process from 
the regrowth of a hghtguide 3, since the crystal growth has arisen 
alternatively in the field divided with the stripe-like insulator layer mask of 
two articles, the layered product of the crystal which has a rectangle cross 
section as shown in drawing 3 is formed. Then, an insulator layer 9 is formed 
and vacuum evaporationo formation of the pattern of the p lateral electrode 
10 and the n lateral electrode 11 is carried out with lithography. 
Furthermore, the element cross section shown in drawing 3 is obtained by 
carrying out the cleavage of the substrate in the direction perpendicular to a 
waveguide - 

[0020] According to this example, BH stripe geometry which guides the basic 
transverse mode stably according to a real refractive-index difference was 
producible- With this element, rather than the element of an example 1, 



12 



JP 9-298341 



since the large refiractive-index difference of a barrier-layer longitudinal 
direction can be taken, waveguide light can be spread stably. Furthermore, 
since the current constriction effect was also large, low threshold operation 
was possible. The threshold current has been reduced even from 1/2 to 1/3 to 
the pan compared with the example 2. The range of a purple-blue color 
wavelength region of oscillation wavelength was 410-430nm. 
[0021] Drawing 4 explains other examples of a <example 4> this invention. 
Although an element is produced like an example 3, the selective growth of 
the same crystal layer as an example 3 is carried out using the insulator 
layer mask 14 containing a dummy pattern as shown in the outside of BH 
stripe geometry equivalent to an example 3 at drawing 4 . A dummy pattern 
is a selective- growth field (field divided with the insulator layer mask) which 
prepares one articles of insulating stripe-like masks at a time in 
abbreviation parallel, and is formed in these on the outside of the insulating 
mask of the shape of a stripe of two articles established by element formation 
of drawing 3 and which was newly formed when putting in another way. To 
the stripe on a dummy pattern, the insulator layer mask 9 is carried out like 
drawing 4 , is covered, auad it is made not to pour in current. Then, the 
element cross section shown in drawing 4 is obtained by carrying out the 
vacuum evaporationo of the electrode, and carrying out the cleavage of the 
substrate. 

[0022] According to this example, the crystallinity of the waveguide crystal 
layer in BH stripe geometry of a center section is improvable with the 
dummy pattern. Consequently, comp sired with an example 3, low threshold 
operation is possible, and the threshold current has been reduced from the 
example 3 from 2/3 to 1/2 to the pan. Also about quantum efficiency, it has 
increased 50% from 30% from the example 3. The range of a purple-blue 
color wavelength region of oscillation wavelength was 410-430nm. 
[0023] Other examples of a <example 5> this invention are explained. In this 
example, in the semiconductor laser element which has the element 
composition of already explained drawing 1 or either of 4, an n t5Tpe GaN 
buffer layer is prepared on it at a substrate 1 using the n type silicon carbide 
(alpha-SiC) it is the Wurtzite structure of hexagonal system and the number 
of substrate side directions is [ silicon carbide ] C (0001), and an element is 
produced according to a publication of an example 1 or either of 4. 
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[0024] According to this example, since a substrate had n type conductivity, 
the vacuum evaporationo of the electrode by the side of n was able to be 
carried out to the substrate rear face, and it was able to conduct current to 
the substrate vertical side. Since mounting which turned the joint down at 
the time of the assembly of a chip type element was attained by this, heat 
leakage nature has been improved- In this example, the laser element which 
operates at temperature higher than the above-mentioned example was 
obtained. 
[0025] 

[Effect of the Invention] Especially in this invention, in the III-V group 
nitride semiconductor material, since the electron hole carrier concentration 
of p type hghtguide can be set now as arbitration to 1019-/cm3 and the 
carrier was activated highly about 1 figure rather than before, the resistivity 
of p type Hghtguide has been reduced. Furthermore, the contact resistance of 
p type contact layer and p lateral electrode was reduced, and it has improved 
small even in one to 5x10-6 -ohmcm2. With the element of this invention, 
while reducing the resistance from 1/5 to 1/10 conventionally, o'clock of 20inA 
element operating voltage of inrush currents has been conventionally 
reduced even to 3.1-3.3V to having been 3.6V. Moreover, with high electron 
hole carrier concentration, since the pseudo-Fermi level in p type Hghtguide 
was made higher, the energy barrier of p type Hghtguide to a barrier layer 
has been set up more greatly than the conventional technology, a carrier [ in / 
a barrier layer / in this ] - it was effective in shutting up Furthermore, since 
In composition which makes a refractive index high was incorporated by p 
type Hghtguide, to it, the ******** coefficient near the luminescence barrier 
layer has been designed greatly. According to these effects, with the element 
of this invention, it is low element resistance, and was able to operate by low 
operating voltage, and low threshold operation was able to be aimed at. By 
this invention, laser operation which consists of AlGaInN material was 
checked in the room temperature, and the element which carries out laser 
osciUation in the wavelength field of a purple-blue color in the range with an 
oscillation wavelength of 410-430nm was obtained. 

[0026] Although this invention explained the AlGaInN semiconductor laser 
element produced on the sapphire of Wurtzite structvire with the Cth (0001) 
page, or the siHcon-carbide single crystal substrate, it cannot be 
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overemphasized that it is applicable to the semiconductor laser element 
using AUnGaAs/GaAs, AlGalnP/GaAs, GalnAsP/GalnAs/InP, 
AlInAs/GalnAs/InP, etc. which are other semiconductor-material systems. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining the example 1 of this invention, and 
(a) is element structure drawing of longitudinal section, and (b) is a 
superstructure p type impurity modulation dope crystal layer. 
[Drawing 2] It is element structure drawing of longitudinal section showing 
the example 2 of this invention. 

[Drawing 3] It is element structure drawing of longitudinal section showing 
the example 3 of this invention. 

[Drawing 4] It is element structure drawing of longitudinal section showing 
the example 4 of this invention. 
[Description of Notations] 

The 1-(0001) Cth page sapphire single crystal substrate, 2 ~ GaN buffer 
layer, 3 [ — GalnN/GaN compressive-strain multiplex quantum well 
structure bai-rier layer, ] — An n type GaN lightguide, 4 - An n type AlGaN 
light separation confining layer, 5 6 A p type AlGaN Hght iseparation 
confining layer, 7 - Superlattice hetero structure p type impurity modulation 
dope GaN Hghtguide, 8 [ - p lateral electrode, 11 / -- n lateral electrode, 12 / -- 
An n type GaN current constriction layer, 13 / - A superlattice hetero 
structure p type impurity modulation dope GaN embedding layer, 14 / 
Insulator layer mask for selective growths. ] — A superlattice hetero 
structure p type impurity modulation dope GaInN contact layer, 9 -- An 
insulator layer, 10 
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Fig. 1 

Fig. 2 
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